cations in the HA structure and four Zn concentrations (Zn/Zn+Ca) were prepared 0.5, 1, 2, 5 % at. To study physico-chemical reactions at the materials periphery, we immersed the bioceramics into biological fluids for delays from 1 day to 20 days. The surface changes were studied at the nanometer scale by scanning transmission electron microscopy associated to energy dispersive X-ray spectroscopy. After 20 days of immersion we observed the formation of a calcium-phosphate layer at the periphery of the HA doped with 5% of zinc. This layer contains magnesium and its thickness was around 200 nm. Formation of this Ca-P-Mg layer represents bioactivity properties of the 5% Zn-substituted hydroxyapatite. This biologically active layer improves properties of HA and will permit a chemical bond between the ceramic and bone.
Introduction
Hydroxyapatite (HA; Ca 10 (PO 4 ) 6 (OH) 2 ), a synthetic material analogous to calcium phosphate found in bone is considered for orthopaedic and dental applications [1, 2] . This biomaterial is highly biocompatible and presents bioactive properties. HA physicochemically bonds to bone and promotes bone formation necessary for implant osseointegration [3] [4] [5] [6] .
This property of osseointegration is needed to minimize damages to surrounding tissues and to increase the implant efficiency. ) [7, 8] . Trace ions substituted in apatites can have effect on the lattice parameters, the crystallinity, the dissolution kinetics and other physical properties of apatites [9] [10] [11] [12] [13] . Synthesis of Zn substituted hydroxyapatite is of major interest because biological tissues like bone and teeth are composed with hydroxyapatite containing zinc. Zinc is present in small amount in the enamel of human teeth and in bone [14] . This element is probably the most important element in medicine because of its role in as much as 200 enzymes [15] . Thus, elevated concentrations in areas of damage tissues or inflammatory lesions could enhance ATP-mediated response [16] .
Numerous strategies have been proposed to prepare HA. The most known and used is the precipitation method. Another method is the sol-gel technique which permits the preparation of highly pure powder due to the possibility of a strict control of the process parameters. This method offers a molecular mixing of the calcium and phosphorus precursors which is capable of improving the chemical homogeneity [17] . Moreover, the sol-gel technique allows to easily dope HA with trace elements like zinc.
The purpose of the present paper is to report the synthesis of Zn-substituted hydroxyapatite and to characterize physico-chemical reactions at the ceramic periphery during interactions with biological fluids. We prepared several HA with different concentrations of zinc by the sol-gel process. Physico-chemical reactions and bioactive properties of Zncontaining are studied during interactions between HA powders and biological fluids.
Knowledge of the elemental distribution at the hydroxyapatite periphery is important to understand the physico-chemical mechanisms during interactions with biological fluids.
Chemical evaluation of the hydroxyapatite/biological fluids interface was performed by Scanning Transmission Electron Microscopy (STEM) associated to Energy Dispersive X-ray Spectroscopy (EDXS). These two methods are especially suitable for the study of this kind of interactions at the nanometer scale [18, 19] .
Materials and Methods

Preparation and characterisation of Zn-substituted hydroxyapatite
To produce 2 mg of pure HA powder, 4. The nature of the crystal phase was determined by powder X-ray diffraction (XRD) using a monochromatic Cu K α radiation. The samples were scanned in the 2θ range of 10-70° on a Siemens D5000 diffractometer working in the Bragg-Brenatno configuration. X-ray diffraction patterns exhibited the peaks corresponding to hydroxyapatite. A small amount of tricalcium phosphate (Ca 3 (PO 4 ) 2 ) was observed.
Scanning Electron Microscopy Analysis
The hydroxyapatite powders were deposited on carbon disks and sputter-coated with 20 nm of gold. Then, the samples were examined using a JEOL JSM-5910 LV scanning electron microscope at an accelerating voltage of 15 kV. All the images were recorded using the secondary electron detector.
Sample treatment
The hydroxyapatite powders (2 mg) were immersed at 37°C for 1, 2, 5, 10, and 20 
Specimen preparation and X-ray microanalysis
After treatment the hydroxyapatite powder was lying on the bottom of the box. The medium was carefully removed and the hydroxyapatite powder was embedded in resin (AGAR, Essex, England). Thin sections of 100 nanometers nominal thickness were prepared by means of a FC 4E Reichert Young ultramicrotome. The sections were placed on a copper grid (200 Mesh). Sections were coated with a conductive layer of carbon in a sputter coater to avoid charging effects. 6 The sections were studied with a Scanning Transmission Electron Microscope (Philips CM30) operating at a voltage of 100 kV. The microscope is fitted with an energy dispersive X-ray spectrometer (EDAX 30 mm² Si(Li) R-SUTW detector). Elemental profiles from the centre to the periphery of the particles were performed using Energy Dispersive X-ray spectrometry (EDXS). The concentration profiles were made across three different particles.
The elemental composition was determined by using the Cliff and Lorimer method [20, 21] .
The calibration procedure was performed with standards. Concentrations are expressed in mmol.kg -1 of resin embedded material.
Results
A pure hydroxyapatite and four Zn-substituted hydroxyapatites were prepared by solgel method. After heat treatment, crystalline hydroxyapatite powders are obtained with a good agreement between experimental concentrations of Ca, P and Zn determined by ICP-AES and the nominal ones (table 1) . In particular, the doping with Zn 2+ ions appears to be very efficient which is another advantage of using soft chemistry routes like sol-gel process.
On SEM micrograph, we observe a hydroxyapatite particle with micropores ( figure 1 ). All the prepared hydroxyapatites exhibit the same porous morphology. 
Discussion
The present work analyzes the surface changes of pure hydroxyapatite and Zn- of exposure to DMEM. This phenomenon can be described as the bioactivity process [22] . [24] . In our case, we observe the presence of Mg in the calcium phosphate layer. Magnesium is one of the most important ions associated with biological calcium phosphates and it can play an important role during spontaneous formation of in vivo calcium phosphate and bone bonding [25] . The presence of Mg 2+ stabilizes brushite, octacalcium phosphate and reduces their transformation into apatite [26, 27] .
This paper demonstrates for the first time, to our knowledge, the formation of a Ca-PMg layer at the periphery of 5% Zn substituted hydroxyapatite. The formation of biologically relevant calcium phosphates is important for bone bonding [28] . They support the production of an extra-cellular matrix (collagenous and non-collagenous proteins). Then the collagen fibrils are mineralized together with the incorporation of the newly formed apatite crystals in the newly formed bone [4, 29] . These reactions permit a strong chemical bond with newly formed bone at the implant/bone interface [6] .
Conclusion
Synthesis of ion substituted hydroxyapatite is of major interest because biological tissues like bone and teeth are composed with hydroxyapatite containing various kinds of inorganic substances.
HA doped with 5% of Zn dissolves more rapidly than pure HA or HA doped with low concentrations of Zn. Moreover, this concentration of Zn leads to the formation of a Ca-P layer which contains Mg. This layer is created in a biological environment and represents bioactive properties of the bioceramic. The prerequisite for hydroxyapatite to bond chemically to living bone is the formation of biologically active calcium phosphates on their surface in the body. The Ca-P layer bridges chemically the bone and the implant. The reactions between hydroxyapatite and bone, and dependence of these reactions on the hydroxyapatite composition are important in bioactivity mechanisms. This paper demonstrates an increase of bioactive properties of HA doped with 5% of Zn. 
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